Eperythrozoon coccoides is reported to cause a common, latent infection in many rodent colonies (A. Toivanen and P. Toivanen, Fed. Proc. 30:512, 1971 ). Recent evidence from our laboratory (2) indicated that acute infection with E. coccoides resulted in striking changes in the capacity of the infected animals to produce interferon in response to a representative group of inducing agents. Furthermore, a number of other experimental infections have been shown to be affected significantly in animals concomitantly parasitized by E. coccoides (3, 5, (7) (8) (9) (10) (11) 13) . In spite of the potential significance of the organism in experiments carried out in animals with latent infection, the nature of host resistance to E. coccoides has remained poorly defined. After inoculation, parasitemia may be demonstrated between the first and fifth day. Although the parasitemia is cleared and infected animals are resistant to reinfection, humoral antibody had not been demonstrated until Baker and co-workers (1) described a fluorescent-antibody assay which detected humoral antibodies directed against E. coccoides. It has been recognized for a number of years that host resistance may be suppressed by X irradiation or splenectomy (6) , yet earlier attempts to protect mice by administration of sera from animals after recovery, which were presumably immune, were unsuccessful (12) .
If animals remain chronically infected with this microorganism and if exacerbation of a chronic infection may be produced by experimental procedures such as splenectomy, X irradiation, or immunosuppressive therapy, then E. coccoides could be a major unrecognized variable in the results of experiments in which the effect of these procedures on host resistance to other microorganisms is being evaluated.
The purpose of this investigation was to: (i) determine the duration of the effect of E. coccoides infection on the capacity of the host to produce interferon; (ii) develop an assay method of quantitating humoral antibody and delineate the role of antibody in host resistance to E. coccoides; and (iii) define the effect of immunosuppressive therapy, splenectomy, or antilymphocyte serum on chronically infected animals.
MATERIALS AND METHODS E. coccoides. Stock preparations (2) were developed by injecting 6-week-old female CD-1 (Charles River Breeding Laboratories) mice Pooled serum samples were obtained 6 h later and assayed for interferon (Fig. 1 ). Previous studies (2) had shown that sampling at one point of time reflected the overall interferon response of the animal infected with E. coccoides. The level of interferon in the serum was reduced by 80 to 95% during the acute parasitemic phase of infection. A similar degree of suppression was observed at 6 (88%), 10 (78%), and 20 days (75%). It should be noted that each of these animals was examined to determine the duration of parasitemia and that E. coccoides had been cleared from the blood prior to day 6 of infection. By 6 weeks, the capacity of the E. coccoides-infected animal to produce interferon in response to induction was restored to normal; both infected and control animals had levels of approximately 7,000 U of interferon per ml in their serum after inoculation of NDV. This observation was confirmed in groups of animals tested 8 and 12 weeks after initiation of infection.
These data indicate clearly that the capacity of E. coccoides to suppress the interferon re-20,000-C CONTROL M E.C-INFECTED -10,000-. sponse in infected mice is a relatively shortterm effect which continues, after clearance of a detectable parasitemia, for a period of 3 to 4 weeks. It would appear, therefore, that E. coccoides is unlikely to be a major factor in explaining reported diversities in the interferon response observed between different groups of mice or different laboratories unless a group of experimental animals had become infected recently.
Assay of antibody. The lack of an antibody assay has made it impossible to delineate the mechanisms of host resistance to E. coccoides or to identify animals which had been infected previously. We attempted to demonstrate the presence of antibody by three techniques: (i) neutralization, (ii) indirect fluorescent antibody, and (iii) gel diffusion. During the course of these experiments, Baker et al. (1) and Hyde et al. (4) reported the development of a fluorescent-antibody technique which demonstrated the presence of anti-E. coccoides antibody. Although animals which recovered from E. coccoides infection have been shown to be resistant to a second infection (12) , neutralization of infectious organisms had not been described previously. Initially, the minimal inoculum of E. coccoides which would produce a detectable infection in 100% of exposed animals (ID,o1) was determined by infecting groups of mice with serial dilutions of a stock preparation of the parasite. Immune serum was collected from animals 4 weeks after recovery from a documented infection. Neutralization of the microorganism was demonstrated by incubation of equal volumes of serial dilutions of pooled immune serum or normal mouse serum (30 min at room temperature) with an ID0oo of E. coccoides. After inoculation by the i.p. route, animals were checked daily for evidence of infection. All control animals developed a parasitemia within 48 to 96 h. No evidence of infection was detected in animals inoculated with the E. coccoides preparation preincubated with undiluted immune serum. The %6 dilution had a partial neutralizing effect, as evidenced by reduction in the level of parasitemia (i.e., fewer organisms in the peripheral blood smear) and prolongation of the incubation period. The effect of immune serum on the parasitemia is illustrated in Fig. 2 The antigenic materials for use in the gel diffusion and fluorescent-antibody tests were prepared from blood collected during the peak parasitemia (72 to 96 h). Blood samples were diluted 1: 2 in heparinized PBS, shaken in tubes on a Vortex mixer for 5 min, and centrifuged at 500 x g for 10 min to eliminate the RBCs. To sediment the organisms, the supernatant was centrifuged at 5,000 x g for 10 min at 4 C. The organisms were then washed in PBS, again sedimented, and finally resuspended in PBS at 0.5 the volume of the original supernatant.
Slides for the fluorescent-antibody test were prepared by air drying 0.05 to 0.1 ml of the preparation of E. coccoides antigen on clean microscope slides. Slides were then fixed in acetone at -20 C for 5 min, dried, and stored at 4 C. A Wright stain of these smears showed dense clusters of E. coccoides organisms. The indirect immunofluorescent technique was utilized to detect anti-E. coccoides antibody. Slides were exposed to serial dilutions of immune serum or normal mouse serum, washed, and then exposed to fluorescein-conjugated goat-anti-mouse 7S gamma globulin (Hyland Lab). Positive slides showed dense areas of pinpoint fluorescence, whereas negative slides had a diffuse, pale-green background without the pinpoint areas of bright stain.
For the gel diffusion test, the E. coccoides preparation was sonically treated for 30 min at maximal intensity with a setting of 7 on a Branson Sonifier. Lines of precipitation could be identified between wells containing specific immune serum and the antigen preparation (Fig. 3) Effect of immunosuppressive therapy. The -E. coccoides next series of experiments were designed to Is during the 5 further define the role of antibody in the clearof this experi-ance of E. coccoides from the blood of infected body was first animals. Twenty-four mice were infected with th clearing of E. coccoides and then divided into two groups: Ln all samples (i) those receiving cyclophosphamide (150 mg rh the 5-week per kg per day) for 5 days beginning 24 h after ntibody titers infection, and (ii) untreated controls. Both 3 weeks after groups developed peak parasitemia on day 3 of ionths postin-infection. All animals in the cyclophosphamidetent antibody treated group failed to clear their parasitemia re. On rechal-and succumbed, with peak (4+) infections, the presence prior to death. In contrast, all the control te with resist-animals cleared their parasitemia by day 7 and I by the fact recovered (Fig. 5) . ble antibody
To further define the role of antibody, the able parasit-same experimental protocol was utilized, with the addition of a third group of animals infected existence of with E. coccoides and treated with cyclophoscoides in ani-phamide, but also receiving 0.5 ml of undiluted immune serum on day 4 eliminate organisms from the blood by day 7 of infection.
The efficacy of antibody was confirmed further by the effect of immune serum on the mortality of infected animals. Mice usually recover from E. coccoides, with only an occasional animal dying of the infection. In the above experiment, the capacity of infected animals to clear their parasitemia was also correlated with the outcome of the infection. In Fig. 6b, pared with infected mice which received no immunosuppressive drugs and uninfected control animals ( Table 2 ). The peripheral blood smears of all mice were examined daily for evidence of parasitemia for a period of 12 days after initiation of drug treatment, but no recrudescent infections were identified in any experimental animal. These data suggest that a representative group of common immunosuppressive regimens failed to exacerbate E. coccoides infections in animals which had recovered from a documented infection.
To determine whether our animals were chronically infected, a technique which had been reported previously to result in a recrudescence of latent E. coccoides infection (6) was utilized in the next series of experiments. Groups of animals were infected with an IDoo; at varying periods of time (2, 4, 5, 6, 8 and 17 weeks), animals were splenectomized. After splenectomy within 2 to 5 weeks after infection, 11 of 13 experimental animals had positive blood smears for E. coccoides. It should be noted, however, that these infections were mild, as evidenced by only 1+ parasitemia. In contrast, only 1 of 46 animals which were splenectomized 8 to 17 weeks after the acute infection developed a detectable parasitemia.
These results demonstrate that E. coccoides does persist in a latent phase, at least for a period of 2 to 5 weeks, in the strain of mice utilized in these experiments. Immunosuppressive therapy, however, failed to cause an exacerbation during this latent phase of infection. The data suggest further that the possible recrudescence of latent E. coccoides infection may not warrant consideration as a significant unrecognized variable in experimental results. DISCUSSION E. coccoides has been reported to cause in rodent colonies a common chronic infection which may recrudesce following splenectomy (A. Toivanen and P. Toivanen, Fed. Proc. 30:512, 1971). Previously, we had reported evi- 8, 300 dence that this parasite suppressed the capacity of the host to produce interferon in response to a number of inducing agents during the acute phase of infection (2) . These observations suggested that E. coccoides could be affecting the results of investigators studying various parameters of host resistance by utilizing experimental techniques which might alter the host-parasite equilibrium in chronically infected mice.
It rapidly became apparent, however, that the nature of host resistance to this common parasite was poorly defined and that, if we were to make any meaningful contribution to the understanding of E. coccoides as a possible unrecognized experimental "interloper," we would have to delineate further the nature of the host-parasite interaction.
In view of previous evidence from our laboratory-that the interferon response was inhibited during the acute phase of infection-we initially defined the duration of that effect. The evidence presented indicated that E. coccoides affects the capability of mice to produce interferon only during and shortly after the acute infection. It is interesting to note that this period coincides with the latent phase of infection during which exacerbation could be demonstrated after splenectomy. The relatively short duration of this effect suggests that under normal conditions E. coccoides should not prove to be an important laboratory contaminant in interferon studies in mice, and probably is not responsible for the discrepancies between the interferon response observed in mice from different breeders or between different laboratories.
The next series of experiments was directed toward better defining the host defense mechanisms. When these experiments were initiated, the only method for detecting immunity in experimental animals was to determine whether they were resistant to reinfection. During the course of these experiments, however, Baker and co-workers (1) 
